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The homocoupling reaction between potassium aryl triﬂuoroborates containing different functionalities
promoted by a catalytic amount of Pd(OAc)2 is described. The methodology uses water as a solvent under
aerobic conditions to give the corresponding biaryl compounds in good yields.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.Green technology is a topic, that is, receiving signiﬁcant atten- There are a number of methods developed to synthesize biaryl
tion because of environmental issues.1 The development of meth-
ods focusing on environmentally benign reaction media has been
particularly prominent.2 Thus, advances in the development of
aqueous biphase catalysis3 and the use of supercritical ﬂuids,4 ionic
liquids,5 and ﬂuorous media6 continue to be important areas of
investigation. However, the use of water as a solvent seems to be
the best option due to its simplicity and very low cost.
There are a wide range of natural products that contain a biaryl
bond (Fig. 1).7 In addition, the widespread application of biaryls as
ligands8 and components in new materials9 make these com-
pounds interesting synthetic targets.ax: +55 81 2126 8442.
veira).
OH
Me
O
O
OH
OHO
O
OH
Me
Skyrin
Figure 1. Biaryl na
sevier OA license.compounds,10 being the homo-coupling of aryl boronic acids one
of the most important.11 However, the use of boronic acids possess
some limitations such as the difﬁculty to purify and for having some
uncertain stoichiometry, due to the formation of boroximes.12
Organotriﬂuoroborates have proven to be a good option to re-
place boronic acids and boronate esters in Suzuki coupling reac-
tions, providing many advantages over the latter reagents.13 In
addition, there are many possibilities of functional group intercon-
version reaction involving these compounds including the synthe-
ses of aldehydes,14 ketones,15 alcohols,16 alkynes17 and alkenes18
containing an organotriﬂuoroborate moiety.OMe
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nuclei NMR analysis, has proven to be possible since better NMR
pulse sequences were developed, which allowed the acquisition
of new data related to 19F–11B coupling constants.19
It’s also important to emphasize the recent interest on biologi-
cal activities and toxicological data related to these salts. It is
already described that organotriﬂuoroborates may act as serine
protease inhibitors,20 growth inhibition on human tumor cellTable 1
Optimization of reaction conditions
BF3K
2
CHO CHO
CHO
solvent
K2CO3, 25°C
catalyst
2a 3a
Catalyst (mol %) Solvent 3a, Yielda (%)
1 Pd(OAc)2 (5) H2O 82
2 PdCl2 (5) H2O 80
3 Cu(OAc)2 (5) H2O 10
4 CuCl2 (5) H2O 15
5 Pd(OAc)2 (15) H2O 84
6 — H2O 5
7 Pd(OAc)2 (5) H2O:THF 82
8 Pd(OAc)2 (5) THF —b
9 Pd(OAc)2 (5) H2O 50c
a Isolated yield.
b The product was not observed under the reaction conditions.
c The reaction was performed without K2CO3.
Table 2
Ar–Ar (3) prepared from the homocoupling reaction of ArBF3K (2) catalyzed by Pd(OAc)2
ArBF3K
Pd(OAc)2 (5
K2CO3, H2O, 22a-o
Entry ArBF3K, 2 Ar
1 2a
BF3K
OHC
3a
2 2b BF3K
CHO
3b
3 2c BF3KOHC 3c
4 2d
BF3KNC
3dlines,21 and some of them appear to have antinociceptive activity
and low toxicity.22
Herein, we wish to describe an environmentally benign reaction
for the synthesis of symmetrical biaryl compounds based on the
homocoupling reaction of potassium aryl triﬂuoroborates under
aerobic conditions catalyzed by palladium(II).
The potassium organotriﬂuoroborates 2a–o used in this study
were prepared from the corresponding boronic acids 1a–o using
KHF2 in MeOH/H2O in good yields23 and their structures were con-
ﬁrmed by 1H, 13C, 11B, and 19F NMR analysis (Scheme 1).
Our initial studies focused on the development of an optimum
set of reaction conditions. For this purpose, potassium 3-formyl-
phenyl triﬂuoroborate (2a) was used as standard substrate. Thus,
2a (0.25 mmol) was treated with a different catalysts and solvents
at 25 C using potassium carbonate as a base. The obtained product
3a was characterized by 1H and 13C NMR. The results are described
in Table 1.
As shown in Table 1, both Pd(OAc)2 and PdCl2 exhibited good
catalytic activity (Table 1, entries 1–2), being the desired homo-
coupling product 3a obtained in 82% and 80%, respectively. The
use of Cu(OAc)2 and CuCl2 also gave the corresponding homocou-
pling product but in low yields. All reactions were monitored by
19F NMR until the disappearance of the starting material which
was accomplished after 48 h.
We chose Pd(OAc)2 as the palladium source as a result of its low
cost. In the optimization process, the effect of the Pd(OAc)2 amount
was investigated, and further experiments showed that the best
cost effective results for the coupling reaction were obtained with
Pd(OAc)2 (5 mmol %). In fact, the yield was slightly enhanced by
the use of 15% of Pd(OAc)2 (Table 1, entry 5). However, by using
Pd(OAc)2 (5 mol %) a similar result was observed (Table 1, entry 1).
The inﬂuence of the solvent in the reaction was also investi-
gated. When the reaction was carried out using only water as a sol-
vent, 3a was obtained in 82% yield. The use of THF as a co-solvent
gave similar results, where 3a was also obtained in 82% yield.
When only THF was used as a solvent, no product was observed,
probably due to the low solubility of 3a in this solvent (Table 1, en-
try 8). The reaction was also performed without the use of potas-
sium carbonate. However, the product 3a was obtained in lower
yield (Table 1, entry 9).mol%)
5°C, 24h
Ar Ar
3a-o
–Ar, 3 Yielda,b (%)
OHC CHO
82
CHO
OHC
80
OHC CHO 80
NC CN
75
(continued on next page)
Table 2 (continued)
Entry ArBF3K, 2 Ar–Ar, 3 Yielda,b (%)
5 2e
BF3K
O2N
3e
O2N NO2
70
6 2f BF3K
F3C
F3C
3f
F3C
F3C CF3
CF3
85
7 2g BF3KF 3g F F 73
8 2h BF3KF3C 3h F3C CF3 81
9 2i BF3KMeO 3i MeO OMe 66
10 2j BF3K
MeO
MeO
MeO
3j
MeO
MeO
MeO
OMe
OMe
OMe
54
11 2k
BF3K
3k 65
12 2l BF3K
F
F
3l
F
F
F
F
—c
13 2m BF3K
F
F
F
F
F
3m
F
F
F
F
F
F
F
F
F
F
—c
14 2n BF3K 3n 31
b
15 2o
S
BF3K
3o SS 75
a Isolated yield.
b The yield refers to the reaction performed using THF/H2O (1:1) as the solvent system.
c The corresponding product was not observed.
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2a (0.25 mmol), Pd(OAc)2 (5 mol %), K2CO3 (0.625 mmol), water
(4.0 mL) at 25 C for 48 h. By extending the coupling reaction to
other potassium aryl triﬂuoroborates, various biaryls were ob-
tained in moderate to good yields (Table 2). The formation of the
products was conﬁrmed by the analysis of the 1H and 13C NMR
spectra.
The method is tolerant to a wide range of functional groups.
When electron-withdrawing groups were present in the starting
potassium aryl triﬂuoroborate, good yields were observed (Table 2,
entries 1–8). In the same way, when the scope of the reaction was
extended to electron-donating groups, the corresponding biaryl
compounds were also obtained in good yields (Table 2, entries 9
and 10).
It is known that the coupling reaction for the synthesis of biar-
yls is sensitive to the steric hindrance of substrates and the synthe-
sis of highly hindered biaryls remains a challenge.24 By the use of
the method, meta-, ortho- and para-formyl mono-substituted aryl
triﬂuoroborates gave the corresponding products in similar yields
(Table 2, entries 1–3).However, when the reaction was performed with di-ortho-
substituted aryl triﬂuoroborates, the respective tetra-ortho substi-
tuted biaryls were not observed (Table 2, entries 12 and 13). The
only exception occurred when 2nwas used as the substrate, where
the corresponding tetra-ortho substituted biaryl 3n was obtained
in good yield (Table 2, entry 14) proving in this case that the reac-
tion is not only sensitive to the steric hindrance, but also to elec-
tronic effects.25
The applications of binaphthyls in asymmetric synthesis are
well known26 and the development of efﬁcient synthetic methods
to prepare this class of compounds is of great interest. In this con-
text, compound 3k was prepared in good yield and high purity
using the reaction conditions (Table 2, entry 11).
When potassium 3-thiophenyltriﬂuoroborate 2o was used, the
corresponding product 3owas also obtained in good yield (Table 2,
entry 15). Polythiophenes have become the subject of considerable
interest due to it applications as conductors, electrode materials,
and organic semiconductors.27
In summary, we have demonstrated that the potassium aryl
triﬂuoroborates are useful substrates for the synthesis of biaryl
E. F. Santos-Filho et al. / Tetrahedron Letters 52 (2011) 5288–5291 5291compounds in good yields under mild conditions.28 The green
methodology is simple, uses water as solvent, low catalyst loading,
and is synthetically useful while it could be applied for the synthe-
sis of more complex biaryl compounds.
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